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Abstract 
The relevance of studying product quality control as based on optimization of process input values parameters is shown. The 
paper explores the tolerance synthesis method of technological process input parameters based on regression dependences. 
Electrolytic chromium plating process simulation has been performed enabling to optimize input parameter tolerances and 
upgrade process equipment. As a result of the modernization the galvanic bathtubs were outfitted for control parameters of the 
electrolyte, heating of the electrolyte. The modernization of electrolytic chromium plating process allowed finding of values of 
input parameters being within the required limits and providing for the quality of the products. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility ofthe organizing committee of ICIE 2016. 
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1. Introduction 
Many machinery items available now are designed for operation in a wide range of conditions. Process equipment 
for electroplated coating application is one of the examples, as confirmed by the results of electrolytic copper and 
chromium plating research performed by Pridor JSC in Kursk. The quality factor of electrolytic chromium plating 
(fig. 1) is the thickness of coating (įm, μm). 
In the course of electrolytic chromium plating process investigation the following input (independent) parameters 
influencing the quality factor were found: x1 for chromic anhydride concentration (CrO3, g/l), x2 for sulphuric acid 
concentration (H2SO4, g/l), x3 for electrolyte temperature (t, ºC), x4 for cathodic current density (Dk, Ⱥ/dm2) 
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and x5 for process time (Ĳ, min). The table 1 presents the measuring results of these parameters. As per GOST 9.303-
84, a bilateral tolerance of 6 to 9 μm is required. But if the thickness of coating is not subject to correlation within 
the corresponding dimension chain, a unilateral tolerance is possible of įmt 6 μm. This leads to the overconsumption 
of raw materials, although does not influence service function of the processed item. 
 
 
Fig.1. Electrolytic chromium plating process 
The methods of sensitivity theory served to define chromium plating thickness deviation value as a function of 
input parameters 
WG ''''' ' 206.0082.1145.0069.1022.0
423m kSOHCrO
DtCɋ  (1) 
Based on the results of electrolytic chromium plating process investigations the following tolerances were 
defined: 210 to 250 g/l for chromic anhydride concentration, 2.1 to 2.5 g/l for sulphuric acid concentration, 45 to 
55ºC for temperature, 15 to 30 Ⱥ/dm2 for cathodic current density, which enabled to reduce loss of quality and 
provide the required quality of production. 
However, a repeated investigation revealed a limited possibility of the above tolerances application. 
It can be explained mainly by the fact that the dependence presented (1) is a functional relation, as only the first 
six measurement results were used, the other results were used to estimate the deviation of įm. The established 
values of coefficients do not have confidence intervals; therefore the dependence (1) is appropriate in some “current” 
moment of the process. This dependence was used at the factory for operating control of electrolytic chromium 
plating accuracy and stability. 
Thus product quality control study in terms of input process parameters optimization is a matter of current 
concern [1-2]. 
2. Electrolytic chromium plating process simulation 
Based on the data presented in table 1, a statistical dependence was obtained with the aid of licensed software 
(Minitab 16) in the form of multiple linear regression equation 
WG ''''' ' 208.0026.1134.0586.103.0948.11
423 kSOHCrOɫɪ
DtCɋ  (2) 
Influence of independent parameters on the response in equations (1) and (2) are identical 
Following to regression dependence calculation, special mention shall go to statistical software, such 
as Minitab, SPSS andSTATISTICA. The formula used by this software for the definition of Student distribution 
parameter actual value (T) and corresponding “non-confidence” level (P), where P = 1-D, enables to maximize the 
level of “non-confidence” or minimize the value of confidence factor as a limiting value. 
For model (2) multiple determination coefficient is R-Sq = 99.6% and adjusted coefficient is R-Sq(adj)= 98.6%. 
When converting absolute parameter deviation to relative deviation in equation (2), a constant coefficient is not 
taken into consideration corresponding to a0. To get a numerical value of ǻy corresponding to įm = 6 μm adjustment 
of chromium plating process we use the equation 
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whereǻai is a coefficient confidence interval value for ith parameter in (2); xmi is an average value of ith parameter. 
As a result we obtain ǻy = 2·( 0.0055·5.4318 + 0.44071·3.5978  0.0373·3.5804 + 0.07724·13.2879 + 
0.02015·10.3071) = 2·2.657=5.31244 (μm) 
This value ǻy corresponds to įm = 6 μm adjustment of chromium plating process in order to get the discrepancies 
which can be eliminated by additional plating, i.e. without change of polarity to dissolve the already deposited 
coating. 
Table 1. The measuring results of plating thickness and chromium plating input parameters. 
No. of 
measurement 
CrO3, g/l H2SO4,g/l t, ºC Dk, Ⱥ/dm2 Ĳ, min įm, μm 
1 194.8 2.0 50 19.8 40 7.2 
2 194.8 2.0 45 20.2 30 6.3 
3 194.8 2.0 51 24.0 40 11.6 
4 238.1 2.0 50 19.2 40 5.6 
5 238.1 2.5 45 20.4 30 6.1 
6 238.1 2.5 55 22.2 30 6.6 
7 238.1 2.5 50 21.8 40 8.7 
8 194.8 2.5 48 21.0 40 9.8 
Table 2.The significance of input parameters in tolerance synthesis for chromium plating process. 
Parameter number 1 2 3 4 5 
Parameter deviation CrO3 H2SO4 t Dk Ĳ 
Significance factor, bi 0.08 0.08 0.3 0.5 0.04 
3. Tolerance synthesis of electrolytic chromium plating process parameters 
For the process under consideration the synthesis of tolerances will be performed as per the equation 
mGTaa
bTx
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(4)
 
where bi is a significance factor of xi parameter deviation. 
The value of tolerance Tįm = 3 μm is according to GOST 9.303-84. 
The significance values (bi) of parameter deviation (xi) were defined on the basis of expert assessment. For this 
purpose leading specialists of the factory were questioned and expert information was processed (Table 2). To 
coordinate the opinion of four experts a concordance coefficient was used amounting to W=0.98. 
As for independent parameters the values of confidence coefficient are within the limits of 0.93 D 0.994, a 
confidence coefficient ofD = 0.9 was taken with consideration of expert opinion. The corresponding value of Student 
t-test is t = 2.92. For the accepted value of Student t-test new confidence intervals were defined ǻai and the 
following tolerance values were calculated: 
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The analysis of electroplated coating process equipment applied at the factory revealed that the equipment used 
does not ensure the process parameters within the required tolerances and does not enable electrolytic chromium 
plating process parameters control to the full extent. 
In the course of process equipment upgrading electroplating baths were additionally equipped with electrolyte 
parameter control and electrolyte heating units. 
For the given process temperature condition control the bath was fitted 
with ɌɏȺ 9709Ɏ and ɌɏɄ 9709Ɏ temperature sensors. Besides, the following equipment was used for electrolyte 
temperature control: mobile digital temperature meter of electrolyte (reference error not exceeding 0.1%) and lab 
mercury-in-glass thermometers of ɌɅ-2 type (measurement range of 0 °ɋ to 150 °ɋ, scale division of 0.1 °ɋ) 
and ɌɅ-50 type (measurement range of 0 °ɋ to 150 °ɋ, scale division of 0.5 °ɋ). For temperature regulation on-off 
temperature regulators were used. 
For time control mechanical stopwatch timers as per GOST 5079 and Agat mechanical stopwatch timers were 
applied. For electrolyte acidity control LPU-01 and LMP-60 potentiometers were installed. 
For chromic anhydride concentration definition the density of electrolyte was initially defined. For this purpose 
the set up DS density sensors or DM 230 density indicators (±0.0005 g/cm3) were used. Following to electrolyte 
density results, a decision was taken to perform a laboratory analysis to define the concentration of chromic 
anhydride (GOST 2548-77) and sulphuric acid (GOST 2184-2013). 
For cathodic current density control and voltage regulation the switchboards of electroplating baths were fitted 
with digital ampere meters and voltmeters of 3010 and 3020 series (maximum permissible reference reduced error of 
voltage measurement ±0.2 %, maximum permissible reference reduced error of current measurement ±0.2 %) 
or ɓɉ ȼȺ [digital ampere meters and voltmeters for switch panels] (maximum permissible reference reduced error 
of voltage measurement ±0.5 %, maximum permissible reference reduced error of current measurement ±0.5 %). 
4. Conclusions 
1. A method of technological process tolerance synthesis has been developed based on regression dependences. 
2. Tolerance simulation and synthesis of electrolytic chromium plating process input parameters has been 
performed. 
3. Electrolytic chromium plating process equipment has been upgraded resulting in input parameters being within 
the required limits and providing the quality of the items produced. 
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